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The recent interest in municipal refuse recycling has 
brought about the development of several systems for separa-
tion of tne refuse into components. One of the components 
reclaime~ is a glass-rich fraction which, although primarily 
glass, contains various non-glass materials which the sys-
tem is not able to remove. Clean waste glass can be used 
as an asphaltic concrete aggregate, and it would be desirable 
to use this glass-rich fraction in a similar manner. How-
ever, the effect, if any, of the non-glass components on 
the properties of an asphaltic mixture must be determined 
in order to utilize the glass-rich fraction with a minimwn 
of processing. Objectives of this research were to deter-
wine the characteristics of t11e glass-rich fraction from 
several municipal refuse recycling systems, to evaluate any 
effects of the non-glass components upon the Marshall pro-
perties of glasphalt, and finally to design a glass-
asphalt mixture using the unsorted glass-rich fraction. 
Samples of glass-rich fractions were obtained from 
several sources, characterized, and sorted into various 
identifiable glass and non-glass categories. i''laterial from 
each of the categories was substituted into a control 
glasphalt mixture to determine the individual effects on 
the Marshall properties. 1\. glass-asphalt mixture vJa.s then 
designed using the unsorted glass-rich fraction from one 
of tlw systems. 
lll 
Waste glass from municipal refus e recycling s ys tems 
can be used as an aggregate in asphaltic concrete. Charac-
teristics of the glass-rich fraction varied depending upon 
the system from which it came. None of the fractions examined 
had an adequate gradation to be used exclusively in an 
asphaltic mix , so it was necessary to utilize an additional 
aggregate. The non-glass materials affected the mi x proper-
ties. The largest effect was an increase in air voids with 
straight substitution and no alteration of the mi x . The 
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I. INTRODUCTION 
A. Statement of the Problem 
With the recent increased interest in recy cling of 
solid wastes, several systems have been developed for r e -
claiming various components found in municipal refuse. 
One of the components produced is a g lass-rich fraction 
which consists primarily of glass but also contains non-
glass materials which could not be separated out by the 
system. It has been demonstrated in laboratory and field 
tests that clean waste glass can be use d as an aggregate 
in asphaltic concre te (1,2,3). However, the degr ee to 
1 
which the non-glass components found in glass-rich fractions 
affe ct the suitability of this mate ri a l for use in asphaltic 
concrete must be de t e rmine d. It would b e de sirable t o 
utilize this material with a minimum of further cleaning 
or sep aration and thus, the pos s ibility of de signing 
acceptable mixtures containing the unsorted g lass-rich 
fraction is of particular interest. 
B. Obj e ctive s 
The obj e ctives of this r e s e arch we r e as f ollows: 
1. Determine the characteristics of the g lass-rich 
fractions p roduce d by s e ve r a l municipal re f use 
r ecyc ling syste ms. 
2. Determine the effects o f non-glass compone n ts i n 
this f r action upon the Marshall properties of 
g lasphalt. 
3. Design a glass-asphalt mixture using the unsorted 
glass-rich fraction. 
c. Description of Experimental Program 
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The initial step was to obtain samples of glass-rich 
fractions produced by various systems which recycle munici-
pal refuse. These samples were characterized by conducting 
sieve analyses on random samples, then examining the samples 
to determine their composition. A magnetic separation was 
performed on all sieve sizes, then the plus No. 8 sieve 
sizes were visually separated into various identifiable 
categories. Since the minus No. 8 material was difficult 
to visually sort, a volatile solids test was conducted to 
give an indication of the non-organic material present. 
The next step was to design a control mixture for compari-
son with mixtures containing individual non-glass components 
or the unsorted glass-rich fractions. Since it was desirable 
to test the effects of non-glass components in the glass-
rich fraction, the aggregate used in the control mix was 
primarily clean glass. The gradation used was formed by 
using the gradation of the Black Clawson glass-rich fraction 
and adding some stone to the 3/8-in. sieve size and sand 
to the minus No. 30 sieve size since the original glass 
fraction gradation was deficient in these sizes. The de-
sired gradation was one close to that suggested for the 
Asphalt Institute for mix type IV b. However, it was not 
possible to meet those specifications and use the maximum 
possible amount of g lass with its particular gradation. 
The gradation arrived at was then tested according to 
Marshall Mix Design specifications (4). 'l'he stability, 
3 
flow, air voids, and voids in mineral aggregate values were 
examined. The first gradation was below Marshall specifica-
tions for voids in mineral aggregate, so the gradation was 
modifie d by adding more 3/ 8-in. rock and reducing the 
amount o f minus No. 200 sand. This mix did mee t Marshall 
specifications and was then used as a control mix. 
With this completed the non-g lass components were 
substituted in diffe r e nt concentra tions for clean glass 
in the control mix to determine what effects the component 
might have on a g laspha lt mixture . Substitution was made 
in the 3/8-in ., No. 4, and No. 8 sieve sizes since these 
we r e the size s which were 0btaine d by the s eparation pro-
c ess. An exc eption was made for ferrous material which was 
avai l ab l e in all sieve sizes. 
When the substitution was made, the mi x samples were 
then t ested for the ir Mars h a ll propertie s of stability, f l ow , 
air voids, and voids in mineral aggre gate . Th e se prope rties 
we re c ompared with those o f th e clean glas s control mi x ture . 
Afte r de t e r mining the individual ef fects , i t was 
necessary to find th e tota l effect o f the compone nts by 
s ubstitu ting the e ntire glass-rich f r actio n f or some b y 
the sieve sizes in the contro l mi xture . Total substitution 
of t h is type was performe d for glass - rich fractions f rom 
several sources, and again the Marshall properties were 
compared with the control mix properties. 
4 
The effect of the g lass-rich fraction on the control 
mix properties was such that a new mixture had to be design-
ed in order to meet Marshall specifications. This was done 
by changing the aggregate gradation and asphalt content. 
II. EXPERIMENTAL PROCEDURES AND MATERIALS 
A. Experimental Procedures 
1. Sieve Analysis 
Sieve analysis of g lass-rich fractions we re conducted 
in accordance with ASTM C 136. 
2. Magnetic and Visual Separation 
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Sorting of glass-rich fractions was performed on repre-
sentative samples of approximately 1500 grams. 11. sieve 
analysis was first conducted to determine the sample grada-
tion. A large magnet was then used to separate out the 
portion of each sieve size which containe d ferrous me tal. 
This procedure was carried out on material of all sieve 
sizes. Visual separation was then carried out on the 
material larger than a No. 8 sieve . Visual separation of 
particles smaller than a No. 8 sieve was not possible due 
to the small particle size. Glass, bon e , rock , nonferrous, 
and ferrous metals we re easily ide ntifie d due to thei r 
particular characteristics. Rubber and plastic were group-
ed toge ther , since they were difficult to distinguish. 
Anything which could not be classified into the above cate -
gories was included as miscellaneous material . Host of 
these items were unidentifiable but included pottery, seeds, 
wood, and she lls. 
3 . Vo l atile So l ids Test 
This was performed on minus 8 s1eve size materia l in 
accordance with tentative methods o f an alysis of compost 
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and refuse outlined in Municipal Refuse Disposal (5) . The 
test consists of heating a moisture free sample from 600 to 
650 C and measuring the loss in weight. 
4. Bulk Specific Gravity Calculations 
A representative sample of the material to be tested 
was obtained by use of a sample splitter. If the material 
was porous it was soaked in water for 24 hours. The sample 
was surface dried, weighed , and weight A wa s placed in a 
2000 ml flask. For non-porous materials, weigh t A was a 
dry weight. The material was covere d with water, and a 
partial vacuum was applied for 15 minutes to aid in remov-
ing the air from the sample. The vacuum was removed, the 
flask filled with wa ter, and weight C obtained. Weight B 
was the weight o f the flask filled with water only. The 
porous materials we re oven dried to obtain weight D. The 
bulk specific gravity (BSG) was then calculated from the 
expression BSG = A+~-C . Va lues obtained were as fol l ows : 
Unsorted Black Clawson Re sid ue 2.34 
Components 
Glass 2 . 52 
Rock 2.21 
Aluminum 2 . 85 
Bone 1 . 24 
Ferrous 5 . 6 7 
Pl as ti c 1.08 
Miscellaneous 1 . 25 
5. Marshall Test Procedures 
The Marshall tests were conducted according to pro-
cedures specified by ASTM D 1559 with the following excep-
tions: 
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a . Immediate ly a f t e r mi xing f o r two minutes in the 
Hobart Model N-50 mixer, the bituminous mixture was placed 
in the compaction molds. The molds were then retained for 
30 minute s in an oven a t 275 F to i nsure a unifo r m t e mpera-
ture for all specimens at compaction. The molds were re-
moved from the oven, and the mixtures spade d and compacted 
a ccording to specifications. 
b. A mechanical compaction hammer was used instead 
of a hand o perate d comp action hamme r. 
c. For t e sting purposes a n a utoma t ic recor d ing t e s t 
press, Model 750, was used in place of the specified load-
ing jack, proving ring assembly, and flow mete r. 
B . Mat erials 
1. Gl ass-Rich Fractions 
Glass-rich fr a ctions from s e veral mun i c i pa l r efuse 
s e p aration facil i t ies were obta ine d, a nd the prope r ties 
are de scribed i n a l a t er section. 
2. Cl ean Gl a s s Aggr ega t es 
Cl ean g l ass aggrega t es were used i n con trol mixtu r e s 
to e valua t e the ef fe cts o f non-g lass compone nts . These 
were p roduced by c rush ing was t e g l ass cons isting primarily 
o f non- re turnab le beverage b ottles . The b ottle s we r e 
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initially soaked in a hot bath where labels and all other 
foreign materials were removed. After drying, the bottles 
were then crushed in a hammer mill. This produced a coarse 
glass agg regate, some of which was crushed further in a bal l 
mill to obtain the smaller sizes. The crushed glass was 
then sieved into nine different size fractions ranging from 
material passing the 1/2 sieve and retained on the 3/ 8-in 
sieve to material passing the No. 200 sieve. 
3. Sand and Stone 
The stone which was used for plus No. 8 sieve sizes 
was a crushed limestone with a bulk specific gravity o f 
2.55. The sand used for minus No. 8 sieve size material 
was Meramec River sand with a bulk speci f ic gravity of 2. 6 2 . 
4. Asphalt 
The asphalt used was an 85-100 penetration asphalt 
cement produced from a west Texas crude oil. The properties 
of the asphalt cement are listed in Table I. 
5. Calcium Hydroxide 
Re agent grade calcium hydroxide was used as an anti -
stripping a gent additive which is ne cessary whe n using 
glass aggregate. I t was used in a ll mixes containing glass. 
The amount adde d was one percent by weigh t of the aggr egate. 
III. CHARACTERISTICS Of GLASS-RICH FRACTIONS 
SEPARATED FROM MUNlC!PAL REFUSE 
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Several companie s ox agencies nave developed equipment 
for separating municipal :tefuse into components which in-
clude a glass-rich fracti~n. Systems for separating raw 
refuse as well as inciner~tor residue have been devised 
and are in varying stages of development. Some of these 
are briefly described bel~w. 
A. Separation Systems 
1. Black Clawson 
The Black Clawson Co~pany utilizes a wet separation 
system called Hydrasposal fibreclairo. A conveyor feeds 
mixed refuse into a wet p~lping machine which is fitted 
with a nondestructible rotor designed to cut rags, plastic, 
rubber hose and wire, etc.; disintegrate food waste and 
paper; break bottles; and chop aluminum. Nonpulpable items 
such as tin cans, massive iron, stones and the like are 
ejected through an opening in the bottom of the Hydrapulper 
and removed continuously by a junk remover. The disintegrated 
and pulped materials are removed in a water slurry having 
3-4 percent solids through a perforated extraction plate 
b e neath the pulper rotor. ~he slurry is passed through a 
liquid cyclone to remove essentially all of the remaining 
inorganic material such as sand, glass, aluminum, ceramics, 
etc. This inorganic matter rejected by the liquid cyclone 
consists primarily of glass. 1he slurry is further treated 
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to separate useful long paper-making fibers and the organic 
rejects are then burned in a fluid bed reactor (6). 
2. Combustion Power 
The Combusion Power Company, Inc. uses a two product 
air classifier which separates the total solid waste input 
from a shredder into a heavy and a light product. To obtain 
the glass-rich material, magnetic separation and screening 
through a 1/2-in. screen are used (7). 
3. Bureau of Mines 
The U.S. Bureau of Mines has devised a continuous 
me chanical benefication plant which processes low tempera-
ture incinerator residue, recovering and separating the 
residues into fractions which are suitable for recycling. 
This system uses a combination of screening, shredding 
and magnetic s eparation to produce ferrous and non-ferrous 
metallic fractions as well as a glass product (8). 
B. Results of Separation 
Sample s from the systems described we r e obtained for 
use in glass-asphalt mixtures . The bulk of th e t es ting 
described was carrie d out on samples from the Black Clawson 
Sys t em, but data were a lso obtained f or samp l e s f rom othe r 
systems. Sieve analyses were conducte d on the samples, and 
the composition of e ach of the larger size f ractions was 
determine d by visual and ~agnetic s eparation. Magnetic 
separation was used f or the fine f raction (minus 8 mesh 
material) but due to the sma ll size, visual classification 
of the non-magne tic fraction was not possible. 
J 1 
Two samples from the Black Clawson System were ana l y ze d 
in this manner. One s amp le was obta ine d from a 10 t on pe r 
day pilot plant, and the other was ob tained from a 150 t on 
per day plant constructe d in Franklin, Ohio. Results o f 
the ana l y s e s of th e s e s amp les are shown in Tab l e s II a n d 
III. The gradations of these samples are quite similar with 
95 to 97 percent of the material ranging in size from p l us 
30 mesh to minus 1/2-in. mesh. Non-glas s c ompone nts wh ich 
could be hand separated f r om the coarse fractions plus ma g -
netic materials from all s ize fractions comprise d about 15 
percent b y we ight o f each sample. 
Re sults of analyse s f or Combustion Powe r and Bureau 
of Mine s residues are shown in Tables II, IV, and V. 
Approxima t e l y 9 8 perc e n t of the Combustion Power g l ass- rich 
fra c tion passed the 3/8-in . sieve a n d was retained on a 
No. 16 sieve . Thus, the r ange in parti c l e si ze s was s ome -
wh a t s maller than fo r t h e Bl ack Cl aws on r es i due . Approxi -
mate l y 20 perc e nt by we i ght of t his samp l e consi s t ed of 
non-g l a ss a nd non-magne ti c mate ria ls with v irtua lly no 
magnetic meta ls p r esent. Seventy - f i ve percen t of the 
non-g l a s s componen t was ston e . 
Th e Bureau o f Mines incine r a t or re s i d ue was r e ce i ved 
i n t wo frac tions . The coa rse f r action wh ich was tes t ed 
ranged in size from l-in . down through mate ri a l r e t a ine d 
on a No . 16 s i e ve . Th e magne tic f r action whi ch was separated 
out include d some g l a s s a nd slag materia l to which the 
magn e ti c mate rials were fused . 
IV. EFFECTS OF GLASS-RICH FRACTIONS AND THEIR 
COMPONENTS UPON PROPERTIES OF GLASPHALT 
A. Design of Control Mixture 
12 
From a cost standpoint it would be preferable to use 
the glass-rich fraction produced by a refuse separation 
system without any further cleaning, crushing, or screening. 
Since the gradation of glass fractions from the separation 
systems investigated did not include all of the particle 
sizes necessary for a dense-graded mixture, it would be 
necessary to blend conventional aggregates with the glass. 
A blend of the Black Clawson glass fraction and conventional 
aggregates was determined which contained a large percentage 
of glass. The gradation used is shown in Table VI. This 
gradation was produced by blending 77 percent of the Black 
Clawson glass fraction and 23 percent conventional aggre-
gate and hydrated lime by weight. The mixture produced was 
then used in a series of specimens which were tested to 
determine the effects of non-glass components present in the 
Black Clawson glass fraction. Using the gradation shown 
in Table VI but substituting clean glass for the Black 
Clawson glass fraction a series of specimens having varying 
asphalt contents were molded and tested using the Marshall 
testing procedure (ASTM D 1559). Results are shown in 
Figure 1. A mixture containing 5.5 percent asphalt served 
as the control for studies of the effects of non-glass 
constituents and met Marshall requirements shown in Table VII 
13 
for medium traffic. 
B. Substitution of Non-Glass Components in Control Mixture 
A sample of the glass-rich fraction from the 150 ton 
per day Black Clawson plant in Franklin, Ohio was sieved 
and material larger than the No. 8 sieve was separated into 
the following categories: non-ferrous metal, bone, glass, 
ferrous metal, miscellane ous, plastic, and stone. Using 
the control batch g radation, e ach of the six non-glass 
components was substituted for the clean glass at three 
different addition levels. These levels represented the 
average amount determined from the hand separation proce-
dure, one half this amount and twice the amount. 
The amounts of non-glass components to be added were 
determined in the fol lowing ma nner . The pe rce ntage of 
each non- g las s compone nt for the three coarsest sieve sizes 
was taken from Table II, and multiplied times the weight 
of c le an glass used for that s ize. Thi s we i gh t r epr esents 
the a verage a mount of the non-glass component present . 
Halving this value a nd doubling it gave the other two 
addi tion levels used . An e xampl e of this calculation f o r 
non-ferrous me tal i s shown in Table VIII . 
The tota l weight of non-ferrous metal added thus r anged 
f r om 5 .9 to 23 .4 grams. A similar calculation was carried 
out for e ach of the othe r non-glas s components a nd the r e -
sulting addition levels a r e shown in Table I X. Since ferrous 
meta ls could be eas ily separat e d f rom all size fractions by 
using a magnet, the substitution for this material was 
made on size fractions down to the plus No. 100 sieve. 
Three specimens were made for each addition level, 
and three control specimens containing clean glass were also 
made for each non-glass component investigated. The asphalt 
content for all specimens was 5.5 percent on a total weight 
basis. Unit weight, percent air voids, percent voids in the 
mineral aggregate, stability, and flow were measured on all 
specimens. Results of these tests are shown in Table X. 
Substitution of all of the non-glass components except 
ferrous metals resulted in a decreased unit weight. Unit 
weight increased with increasing amounts of ferrous metal. 
However, only the substitution of non-ferrous metals re-
sulted in alr voids which were considerably higher than 5 
percent. The miscellaneous replacement at double the aver-
age amount resulted in air voids of 5.11 percent, but this 
was not considered to be excessive. 
Variations in voids in the mineral aggregate (VMA) 
did not correlate with changes in unit weight or air voids. 
Increasing amount of non-ferrous metals increased the VMA 
as well as the air voids. However, while increasing amounts 
of bone caused the air voids to increase slightly, the VMA 
was virtually unaffected except at double the average amount 
which caused VMA to decrease. Increasing amounts of ferrous 
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metal resulted in increased VMA and air voids, while lncreas-
ing amounts of plastic decreased VMA and increased air 
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voids. Miscellaneous material increased VMA slightly, but 
the increase was nearly constant for all addition levels where-
as the air voids increased with increasing amounts of the 
material. Additions of stone had little effect upon VMA. 
Few of the non-glass constituents had a marked effect 
upon stability. Only the miscellaneous material caused a 
stability decrease greater than 10 percent and this occurred 
only at the largest addition level. For all of the other 
materials except stone there was either no effect or a very 
slight decrease in stability with increasing addition levels. 
The data for stone was erratic, but the trend was toward 
increasing stability with increasing addition levels. 
Increasing amounts of plastic caused substantial increases 
in flow. Over a 50 percent increase in flow resulted at the 
highest addition level. However, this increase was not suf-
ficient to cause the flow to exceed the maximum allowable 
level specified by The Asphalt Institute. For all of the 
other materials, flow generally increased with increasing 
addition levels, but remained close to the minimum value 
specified by The Asphalt Institute. 
c. Substitution of Black Clawson Glass in Control Mixtures 
After separating out the coarser non-glass components 
and all of the ferrous metals from the Black Clawson glass-
rich fraction, the residue consisted primarily of glass and 
fine non-glass, non-ferrous components which could not be 
removed by the hand separation method. This material was 
substituted for clean glass of all size fractions in the 
control batch at an asphalt content of 5.5 percent. Three 
specimens were made, and their properties were compared 
with the properties of three specimens made using clean 
glass. The results are shown in Table XI. The air voids 
and VMA increased by about one percent, but this increase 
did not result in void contents outside the allowable 
limits. Flow increased slightly, and stability was also 
increased. Thus, the net effect of this substitution was 
beneficial. 
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In summary, stability and flow were not adversely affect-
ed by the presence of individual non-glass components in 
glass-rich fractions from the Black Clawson process at the 
addition levels investigated. Void contents did tend to 
increase, however, with the addition of several of the non-
glass components, and it would appear that a gradation which 
produces an adequate void system in mixtures using clean 
glass might not be suitable for mixtures in which non-glass 
components were present. 
D. Substitution of Glass Fractions from Other Separation 
Systems 
In order to investigate the effects of using glass-
rich fractions from other separation systems, a further 
series of tests was conducted in which a clean glass control 
batch was made at an asphalt content of 5.5 percent, and 
other batches were made at the same asphalt content but with 
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some of the clean glass sizes replaced by unsorted material 
from the Combustion Power and Bureau of Mines processes. 
The Black Clawson fraction was also used to replace clean 
glass in this series for comparison with the other results. 
Replacement was made on a volume rather than weight basis 
due to differences in specific gravities of the material 
from different sources. Material ranging in size from 3/8 in. 
to No. 8 material was replaced since the sieve analyses 
indicated that the major portion of each of the materials 
tested was in this size range. 
The mixtures investigated were formulated in the follow-
ing manner. The clean glass control had the gradation shown 
in Table VI and was composed of 77 percent glass and 23 
percent conventional aggregate with hydrated lime filler. 
Asphalt content was 5.5 percent on a total weight basis. 
For the Combustion Power specimens, clean glass in the 3/8 
in., No. 4 and No. 8 size fractions was replaced with an 
equal volume of Combustion Power residue. Since the 
aggregate weight changed but the asphalt weight remained 
constant, the percent asphalt by weight changed slightly. 
A similar procedure was used in substituting Bureau of 
Mines residue and the Black Clawson fraction for clean 
glass in the control mixture. 
Results of Marshall tests on these specimens are shown 
in Table XII. Substitution of Black Clawson and Combustion 
Power glass fractions increased the air voids, VMA, and flow. 
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Stability was increased through the use of Combustion Power 
material and decreased slightly when Black Clawson glass was 
used. Use of the Bureau of Mines residue resulted in a 
substantial increase in stability, increased air voids, 
and little change in other properties. The higher air voids 
in the Bureau of Mines and Black Clawson specimens was due 
1n part to absorption of asphalt by the residue. In order 
to correct for this absorption, another set of specimens 
was made with enough asphalt added to replace that absorbed 
so that the net (unabsorbed) asphalt content was 5.5 percent. 
This resulted in lower void contents with little change in 
stability as shown in Table XII. However, the void contents 
for Black Clawson specimens were still higher than is de-
sirable. This again suggests that a modified gradation 
would be necessary to lower the void content. 
E. Effects of Fine Organic Materials Upon Properties 
of Glass-Asphalt Mixtures 
Since no visual separation was made on size fractions 
of glass-rich fractions smaller than the No. 8 sieve, vola-
tile solids measurements were made on these materials. 
Results of these tests on Black Clawson and Combustion 
Power samples are shown in Table XIII. 
Volatile solids represent a small percentage of the 
minus 8 mesh glass fraction from the Black Clawson process. 
The percentage is considerably higher for the glass fractions 
from the Combustion Power Process which is finer than the 
No. 16 sieve. However, only one percent of the total 
Combustion Power sample was finer than the No. 16 sie ve, 
and thus the higher organic content is probably of little 
significance. 
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In order to investigate the effects of the fine organic 
materials in the Black Clawson fraction upon properties of 
glass-asphalt mixtures, a sample of organic rejects from the 
150 TPD plant was obtained. This is the material which is 
normally burned in a fluid bed reactor, and volatile solids 
were determined to be 90 percent for the sample received. 
After drying and sieving the organic rejects into four 
size fractions ranging from plus No. 16 to plus No. 100, the 
material was used to replace clean glass in the control batch 
at three different addition levels. Since a relatively 
small amount of the material was required to produce the 
volatile solids contents given in Table XIII, the addition 
levels were set at this amount, double the amount, and four 
times the amount. Asphalt content was 5.5 percent, and six 
specimens were made for each addition level plus the control 
containing no organic materials. Three specimens were tested 
by stability and flow using the standard 30 minute immersion 
in water at 140 F prior to testing, while the other three 
were tested after 24 hour immersion in water at 140 F. The 
loss in stability after 24 hour immersion lS indicative of 
the water resistance of the mixtures. 
20 
Results of these tests are shown in Table XIV. At the 
two lower addition levels unit weight decreased slightly 
while air voids and VMA inc1eased by less than one percent. 
Stability increased at these levels, with the average amount 
producing a 17 percent increase while double the average 
amount resulted in a 10 percent increase. The 24 hour im-
mersion results were also favorable with the control speci-
me ns having 100 percent retained strength, the lowest 
addition level specimens having 102 percent retained streng th, 
and double that addition level producing retained strengths 
of 92 percent. The flow increased very slightly with increas-
ing addition levels when testing was carried out after the 
30 minute immersion time. A greater increase in flow with 
increasing addition l e ve ls was note d in the tes t s afte r 
24 immersion. 
The addition of four times the average amount of vola-
ti l e solids resulted in c onsiderably lowe r unit weights 
with higher air voids and VMA. Stability de creased by a 
3 4 percent a n d the retained s t rength was 65 pe rcent. Flow 
was i ncreas e d by 69 percent . These r esults ind i cate that 
excess ive a mounts of volatile solids a dversely affect the 
mech a nical properties of g lass-asphalt mix ture s. 
F . Effects o f Dige sted Pulp Upon Pr operties of Glass -
Asph a lt Mixtures 
Th e recovery of long paper making fibers is one of 
the primary b e nefits o f the Bl ack Clawson r e cycling process . 
It was desirable to test the effects of these fibers upon 
the properties of glass-asphalt mixtures in the event th~t 
a glass-rich fraction might contain a measurable quantity 
of this fiber. 
In order to investigate these effects a sample of 
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the paper making fibers, termed digested pulp, was obtained 
from the Black Clawson 150 'l'PD plant. The substitution and 
testing was in the same manner as for fine organic materials. 
Results of the normal Marshall and the 24 hour immersion test 
are shown in Table XV. 
At the two lower addition levels the unit weight drop-
ped slightly with the air voids and VHA increasing slightly 
more than one percent. This lS a larger effect than the 
fine organics had, Stability increased about 10 percent 
at the average amount but decreased for additional levels 
to a maximum of 50 percent loss in strength at 4 times 
the average amount. The 24 hour immersion tests had little 
effect at the lowest level but with increasing levels the 
strength dropped about 100 pounds below the 30 minute iLuner-
sion results with a maximum loss in strength compared to 
the clean glass control of 70 percent at 4 times the amount. 
Flow was not greatly affected, increasing slightly with 
increased levels of addition. The 24 hour immersion results 
increased the flow over that of the 30 minute results. 
A problem with the Marshall specimens swelling was 
noted when they were put in the water bath for testing. 
This was especially prominent for the 24 hour test which 
might account for some of the strength loss. The swelling 
was due to the fibers absorbing water from the bath. 
At 4 times the average amount the unit weight dropped 
below that of organic fines with an increase in air voids 
and VMA. This with the previously mentioned strength loss 
indicates that the digested pulp has a greater adverse effect 
than that of organic fines above the average level. 
It should be noted however that these fibers may burn 
when passed through the drier in an asphalt plant. Thus, 
results from field tests may not indicate a need to limit 
the amount of fibers present. 
V. DESIGN OF GLASS-ASPHALT MIXTURES USil'~G 
UNSORTED GLASS-RICH FRACTIOI'J 
In order to determine the net effect of a ll non-glass 
components in the glass-rich fraction from the Black Claw-
son residue, specimens were made usin g the fraction as 
received, with no sorting or further s eparation, The same 
control gradation shown in Table V was used , and two sets 
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of specimens were made at an asphalt content of 5.5 percent. 
Six specimens contained clean glass and six specimens con-
tained Black Clawson glass. Unit weight and void content 
were determined for all specimens, and then each set was 
divided into two groups of three specimens each. One group 
was tested for stability and flow using the standard 30 
minute immersion in water a t 140 F prior to testing, while 
the second group was tested after 24 hour immer :::; i on in wate r 
at 140 F. Results o f this test are shown in Table XVI . 
The specimens in which Black Clawson residue was us ed 
exhibited considerably higher air content and VMA value s. 
The s tability after 30 minutes in the wate r bath was 1 2 
percent lower than for the clean g lass specimens , and the 
flow wa s more tha n twice as gre at . The cle a n g l a ss specime n s 
showed no loss in stability a fter 24 hour immers ion , but the 
specimens using Black Clawson glass had a retaine d stre ngth 
o f on l y 62 pe rcent. This ve ry low v a lue is p robably d ue 
primarily to the large air void content which permits water 
to penetrate the specimens more easily. 
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The high void contents indicated a need to redesign 
the mix using a denser gradation and perhaps a higher asphalt 
content to reduce air voids. 
Several new gradations were investigated, and the one 
chosen is shown in Table XVII. A mix design series was con-
ducted using this gradation and asphalt contents ranging from 
4.0 to 7.5 percent in increments of 0.5 percent. A larger 
number of asphalt contents was used in order to better define 
the peaks in unit weight and stability curves. A further 
difference between this series and the previous one was that 
absorption of asphalt by the Black Clawson glass was taken in-
to account in computing air void contents, and the asphalt 
content given is the net asphalt content; that 1s, the un-
absorbed asphalt content. This was done because tests using 
Rice's method (ASTM D 2041) indicated that some of the as-
phalt was absorbed by the Black Clawson fraction, and the air 
void content indicated by absolute volume calculations using 
bulk specific gravity was lower than the true air void con-
t e nt de termined by measuring the absolute vollli~le directly. 
Results of the trial mix design series are shown in 
Figure 2. At a net asphalt content of 5.0 percent, the 
mixture met Asphalt Institute requirements for stability, 
flow, air voids, and VMA (Table VII). 
In order to dete rmine the water resistance of the se 
mixtures, 30 minute and 24 hour immersion tests were con-
ducted on specimens with 5 percent asphalt. The retained 
stability value was 85 percent and the flow increased from 
12.5 to 17.7. These values were within acceptable limits. 
The original gradations were designed to use the 
largest possible amount of the Black Clawson glass-rich 
fraction with its particular gradation. However, these did 
not meet specifications suggested by the Asphalt Institute 
for dense graded aggregate. The gradation in Table XVI 
was then modified by reducing the amount of glass used 
ln the upper sieve sizes and increasing the amount of sand 
so that the gradation would meet specifications for Mix 
type IV b. The gradation is shown in Table XVIII. This 
new gradation contained 76 percent glass-rich fraction by 
weight. 
Results of a mix design series using this gradation are 
shown in Figure 3. At an asphalt content of 5.3 percent, 
Marshall properties were within limits suggested by the 
Asphalt Institute for a medium traffic condition. 
VI. CONCLUSIONS 
This research has shown that waste glass separated 
from municipal refuse by various systems can be used as 
an aggregate in asphaltic mixtures. However, some character-
istics of waste glass should be noted as they can affect 
the asphalt mix. 
First, none of the glass-rich fractions examined had 
a gradation which would permit total substitution for con-
ventional aggregate so an addition of conventional aggregate 
was needed. It is possible this could be changed somewhat 
by altering the method of processing the municipal refuse. 
It may not be desirable though, as additional aggregate 
tends to improve the mix properties. 
Second, the characteristics of the glass-rich fraction 
varied depending upon the system which produced the fraction. 
It is quite likely that a variation would also be noted fron1 
the same system in different geographical locations and 
from source to source in the same general area. This will 
necessitate some type of characterization of the waste glass 
from each plant before using it in asphalt mixtures. 
Finally, the non-glass materials had an effect on the 
mix properties - the effect depending upon the kind of 
material and its concentration. The most pronounced effect 
was an increase in air voids when fractions containing 
non-glass components are substituted for clean glass without 
altering the gradation or asphalt content. Individual 
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components such an non-ferrous metals, plastics, and oryan1c 
fines, when added to a control batch containiny clean glass, 
caused air voids to increase with increasing levels. Voids 
in the mineral aggregate and flow also increased while 
stability decreased. However, by altering the gradation 
and asphalt content to account for asphalt absorption by 
the glass-rich fraction, a mixture was designed which 
utilized the unsorted glass-rich fraction and had a void 
content between 3 and 5 percent and acceptable stability, 
flow, and voids in the mineral aggregate. This was achieved 
in a mixture containing 77 percent waste glass by weight. 
If a lower percentage of waste glass was used, the non-glass 
components would probably not have had as great an effect 
on mixture properties. However, it was desired to use the 
maximum amount of waste glass in the mixture in order to 
measure the maximum effect of non-glass components. 
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VII. FURTHER RESEARCH 
This research was designed to determine the effects 
of the glass-rich fraction when using the maximum possible 
amount of the fraction. A study of the effects of smaller 
concentrations would be beneficial and add to the knowledge 
already obtained. 
The glass-rich material used was from a very small 
number of samples. Before using the material from any 
source it would be quite helpful to check the variability 
in the glass-rich composition - not only day-to-day, but 
from season to season. 
In order to complete this study an examination of 
the performance of glass-rich fractions as an asphaltic 
aggregate under field conditions is necessary. 
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PROPERTIES OF ASPHALTa 
Specific Gravity @ 60 F 
Penetration @ 77 F 
Flash, Cleveland Open Cup, °F 
Solubility in CC1 4 , %W 




















a rn d 1ons per ay 
TABLE II 
GRADATION OF GLASS-RICH FRACTIONS 
AND INCINERATOR RESIDUE 
Percent Passing 
Black-Clawson 
10 TPD .a 150 TPD. Combustion Power 
100 100 100 
100 100 100 
100 100 100 
96 97 100 
67 70 81 
27 29 13 
ll 16 l 
3 5 0 
l 2 0 
0.3 0. 4 0 
0.2 0.1 0 
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Percent by Weight of Components Indicated 
Ferrous Non-ferrous Rubber & 
































































aMagnetic and visual classification used on all sizes larger than a No. 8 sieve. En-




COMPOSITION OF COMBUSTION POWER 
GLASS-RICH FRACTION 
Percent by Weight of Components Indicated 
Size Fraction Non-ferrous Rubber & 
Passing Retained Glass Metal Bone Plastic Stone 
-
--
l/2-in. 3/8-in. 0 0 0 0 0 
3/8-in. No. 4 53.7 3.2 1.1 0.7 31.4 
No. 4 No. 8 83.1 0.7 0 0.1 14.0 
No. 8 No. 16 lOOa 
TOTAL 79.5 15.4 1.1 0.2 0. 2 
aMagnetic and visual classification used on all sizes larger than No. 8 sieve. 











COMPOSITION OF BUREAU OF MINES 
INCINERATOR RESIDUE 
Percent by Weight of Components Indicated 
Size Fraction Ferrous Non-ferrous 
Passing Retained Glass Metal Metal 
--
S l ag S t one 
l/2-in. l-in. 100 0 0 0 0 
l-in. 3/4-in. 37.7 0 2.7 42.8 10 .0 
3/ 4-in. l/2-in. 64.5 7.9 3.2 15.4 4.8 
l/2-in. 3/8-in. 71.1 8.2 1.6 14.5 1.6 
3/8-in. No. 4 72. 0 6. 3 3.7 13.1 3. 1 
No. 4 No. 8 61.9 ll. 3 3.7 14.1 5. 7 
No. 8 No. 16 89.8a 10.2 
TOTAL 68.0 7. 2 2.9 15.3 3 .6 
aMagnetic and visual classification used on all sizes larger than No. 8 sieve. 













GRADATION OF BLACK CLAWSON GLASS 
AND CONVENTIONAL AGGREGATE BLEND 
USED IN CONTROL SPECIMENS 
Sieve Percent Passing 
1/2-in. 100 
3/8-in. 86 
No. 4 64 
No. 8 33 
No. 16 20 
No. 30 14 
No. 50 12 
No. 100 8 




~~RSHALL DESIGN CRITERIA* 
Test Property Min Max 
Stability 500 
Flow 8 18 
% Air Voids (Surfacing) 3 5 
% Voids in Mineral Aggregate (1/2" max size) 15 
* Recommended by the Asphalt Institute for medium traffic 
(50 blow compaction) 
Size Fraction 
Passing Retained 
1/ 2" 3/ 8" 
3/8" No. 4 
No . 4 No . 8 
TOTAL 
TABLE VIII 
EXAMPLE CALCULATION FOR NON-GLASS COMPONENTS 
ADDED TO CONTROL MI XTURE 
Vvt. of clea n Non-fe rrous, 1-\l't. of n on- f e rrous 
glass use d in % b y wt . of s ubstituted f or g l a s s , g . 
contro l , g. size fraction Av . 0. 5Av. 2Av. 
3 2.8 6 . 2 2 . 0 1. 0 4 . 0 
256. 5 2 . 3 5 . 8 2.9 11. 6 
357 . 7 1.1 3 . 9 2 . 0 7 . 8 
--




ADDITION LEVELS FOR NON-GLASS COMPONENTS 
ADDED ~0 GLASS-ASPHALT MIXTURES 
40 
Material Size Fraction Weight Used, g. 
~ Retained Av. 0. 5 Av. 2 Av. 
Non-Ferrous 1/2" 3/8" 2.0 1.0 4.0 
Metal 3/8" No. 4 5.8 2.9 ll. 6 
No. 4 No. 8 3.9 2. 0 7. 8 
Total 11.7 5.9 23.4 
Bone 1/2" 3/8" 0.5 0.3 1.0 
3/8'' No. 4 4.6 2.3 9.2 
No. 4 No. 8 5.7 2.9 11.4 
Total 10.8 5.5 21.6 
IJiiscellaneous 1/2" 3/8" 2.1 l.l 4.2 
3/8" No. 4 ll. 3 5.7 22.6 
No. 4 No. 8 13.2 6.6 26.4 
Total 26.6 13.4 53.2 
Plastics 1/2" 3/8" 6.9 3.5 13.8 
3/8'' No. 4 16.1 8.0 32.2 
No. 4 No. 8 3.6 1.8 7. 2 
Total 26.6 13.3 53.2 
Stone 1/2'' 3/8" 3.1 1.6 6.2 
3/8'' No. 4 24.2 12.1 48.4 
No. 4 No. 8 32.6 16.3 65.2 
Total 59.9 30.0 119. 8 
Ferrous Netal 1/2'' 3/8" 2.5 1.3 5. 0 
3/8'' No. 4 8.5 4.3 17.0 
No. 4 No. 8 8.6 4.3 17.2 
No. 8 No. 16 3.4 1.7 6.8 
No. 16 No. 30 2.5 1.3 5.0 
No. 30 No. so 1.1 . 6 2.2 
No. 50 No. 100 . 6 . 3 1.2 
Total 27.2 13.8 54.4 
TABLE X 
EFFECT OF VARIOUS COMPONENTS UPON MECHANICAL 
PROPERTIES OF GLASS-ASPHALT MIXTURES 
Mechanical Properties 
Percent by 
wt. of glass Unit Wt. % Air Stability Flow 
fraction (pcf.) Voids % VMA ( lbs. ) (0.1-in.) 
NON-FERROUS 
METAL 
0 (Control) 141.7 3.20 15.16 780 8.2 
.67 ( . 5 Av. ) 140.5 4.07 15.92 725 8.5 
l. 32 (Av.) 138.2 5.45 17.14 750 8.8 
2.64 ( 2 Av.) 137.2 6.50 18.07 725 9. 0 
BONE 
0 (Control) 141.7 3.18 15.14 780 7.7 
. 6 2 (.5 Av.) 141.4 3.28 14.92 830 8.3 
l. 22 (Av.) 140.2 4.04 15.27 770 8.2 
2.44 ( 2 Av.) 140.8 3.41 14.09 820 8.2 
MISCELLANEOUS 
0 (Control) 140.2 3.35 15.17 710 8.0 
1.52 (.5 Av.) 139.1 4.25 15.73 690 8. 7 
3.01 (Av.) 137.7 4.55 15.65 655 9 . 2 
6.02 ( 2 Av. ) 134.8 5.11 15.49 625 9. 5 
PLASTICS 
0 (Control) 141.2 3.54 15.44 740 8.5 
l. 51 ( . 5 Av. ) 140 .l 3.66 14.85 750 9.3 
3.01 (Av.) 138.5 4.03 14.51 700 ll. 0 
6.02 ( 2 Av.) 135.2 4.36 13.54 675 13.2 
STONE 
0 (Control) 141.0 3.70 15.59 770 8.0 
3.40 (. 5 Av.) 141.1 3.39 15.24 735 7.5 
6.78 (Av.) 140.0 3.82 15.53 910 8.0 
13.56 ( 2 Av.) 139.5 4.06 15.61 805 8.3 
FERROUS METAL 
0 (Control 140.2 4.27 16.09 79 5 8.3 
l. 56 (.5 Av.) 142.6 3.21 15.23 800 8.5 
3.08 (Av.) 142.7 3.66 15.69 770 9. 0 
6.16 ( 2 Av.) 143.5 4.24 16.34 770 9.2 
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TABLE XI 
EFFECT OF SUBSTITUTING BLACK CLAWSON 
GLASS IN CLEAN GLASS CONTROL BATCH 
Mechanical Properties Clean Glass Control Black Clawson Glass 
Unit Weight, pcf. 140.2 140.0 
Air Voids, % 3.35 4.34 
V~".LA, % 15.17 16.18 
Flow, .01-in. 8.0 8.7 




Unit Weight, pcf. 





PROPERTIES OF ASPHALTIC MIXTURES CONTAINING 
GLASS SEPARATED FROM MUNICIPAL REFUSE 
Gross Asphalt Content 5.5% Net Asphalt Content 5.5% 
Comb. Black Comb. Black 
Clean Bu.Hi. Pow. Claw. Clean Bu .Mi. Pow. Claw. 
139.9 136.9 134.5 133.0 140.0 135.5 134.6 133.0 
4.2 6. 4 5.6 9. 8 4.0 4.7 5.1 8.5 
16.0 15.9 17.0 18.8 16.2 19.2 16.9 19. 3 
7.3 8.0 9.0 ll. 8 7.5 9.5 9.0 12.3 




VOLATILE SOLIDS CONTENT OF BLACK CLAt\TSON 
AND COMBUSTION POWER GLASS-RICH FRACTIONS 
Size Fraction Volatile Solids, % by Weight 
Passing Retained Black Clawson, 150 TPD Combustion Power 
No. 8 No. 16 2.82 2.83 
No. 16 No. 30 2.90 17.31 
No. 30 No. 50 2.31 37.07 




EFFECTS OF VOLATILE SOLIDS 
ON PROPERTIES OF GLASS-ASPHALT MIXTURES 
Mechanical Properties 
Percent by wt. of Unit ~'iTt. % Air Stability ( lbs.) 
minus 8 glass fraction (pcf. ) Voids % VMA 30 min. 24 hr. 
0 (Control) 138.5 5.36 17.05 500 500 
2.8 (Av.) 137.6 5.53 17.14 585 605 
5.6 ( 2 Av. ) 136.1 6.29 17.77 550 505 
11.3 ( 4 Av. ) 128.6 10.53 21.40 330 220 
Flow (.01-in.) 









EFFECTS OF DIGESTED PULP ON PROPERTIES OF GLASS-ASPHALT MIXTURES 
Mechanical Properties 
Percent by wt. of Unit Wt. % Air Stability ( lbs.) Flow ( .01-in.) 
minus 8 glass fraction (pcf. ) Voids % VHA 3D min. 24 hr. 30 min. 24 hr. 
0 (Control) 138.5 5.36 17.05 500 500 8.0 8.5 
2. 8 (Av.) 137.4 5.87 17.46 524 548 8.2 9.8 
5.6 (2 Av.) 133.8 7.70 19.39 407 300 9. 7 13.0 




PROPERTIES OF ASPHALTIC CONCRETE USING 
UNSORTED BLACK CLAWSON GLASS FRACTION 
Mechanical Properties Clean Glass Control Black Clawson Glass 
Unit ~veigh t, pcf. 140.2 128.6 
Air Voids, % 4.12 14.18a 
VIviA, % 15.96 22.09 
Flow, . 0 1- in. 
30 min. immersion 8.1 18.8 
24 hr. immersion 9.7 21.0 
Stability, lbs. 
30 min. immersion 745 655 
24 hr. immersion 750 410 




GRADATION OF UNSORTED BLACK CLAWSON 
AND CONVENTIONAL AGGREGATE BLEND 
Sieve Size Percent Passing 
1/2-in. 100 
3/8-in. 90 
No. 4 71 
No. 8 31 
No. 16 24 
No. 30 18 
No. so 12 
No. 100 8 




GRADATION WHICH MEETS ASPHALT 
INSTITUTE MIX TYPE IV b 
Asphalt Institute 
Sieve Percent Passing Specifications 
1/2-in. 100 80-100 
3/8-in. 90 70-90 
No. 4 70 50-70 
No. 8 39 35-50 
No. 16 26 
No. 30 20 18-29 
No. 50 14 13-23 
No. 100 10 8-16 
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Figure 1. Marshall Property Curves for Control Mixtures 
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Figure 3. Marshall Property Curves for Mix Type IV b 
Using Unsorted Black Clawson Glass 
